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(57) ABSTRACT

A method and electrical system for controlling the power
supply of an electric motor, in particular the electric motor of
a vehicle that can be electrically driven, includes a control
device that controls the power supply of the electric motor by
an energy store. The energy store comprises a plurality of
modules that are exposed to stress due to repeated charging
and/or discharging and undergo an aging process as a result of
said stress. In order to decouple the service life of the energy
store from the service life of a vehicle, for example, the
control device controls the charging and/or discharging of at
least two modules differently such that said modules exhibit
a stress difference so as to selectively reduce the aging pro-
cess of the module being exposed to less stress.
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1
METHOD FOR CONTROLLING THE POWER
SUPPLY OF AN ELECTRIC MOTOR

This application is a 35 U.S.C. §371 National Stage Appli-
cation of PCT/EP2011/061231, filed on Jul. 4, 2011, which
claims the benefit of priority to Serial No. DE 10 2010 030
885.4, filed on Jul. 2, 2010 in Germany, the disclosures of
which are incorporated herein by reference in their entirety.

BACKGROUND

The present disclosure relates to a method for controlling
the power supply of an electric motor, in particular the electric
motor of a vehicle that can be electrically driven.

In order to reduce automobile emissions, increased empha-
sis is currently being placed on developing drive concepts for
electrically driven vehicles such as pure electric vehicles or
hybrid electric vehicles (HEV). Operating electric vehicles
using motors and generators requires having an electrical
energy store in the vehicle.

Particularly when supplying power to electric vehicles, the
energy store is frequently discharged and then recharged.
Repeatedly discharging and charging the energy store
stresses it, causing it to undergo an aging process after a
certain period of time, which diminishes its performance and
capacity over time. The end of the service life may therefore
be marked by a significant reduction in performance and
capacity, creating the necessity of a costly replacement of the
energy store.

A method is therefore known from EP 0 913 288 B1 for
maintaining the charge capacity of traction battery modules
of'a hybrid electric vehicle. In this method, while the vehicle
is idle or the ignition is switched off, the energy store is
maintained by fully charging only a single module and then
partially discharging it.

SUMMARY

The object of the disclosure is a method for controlling the
power supply of an electric motor, in particular the electric
motor of a vehicle that can be electrically driven, wherein a
control device controls the power supply of the electric motor
via an energy store, and wherein the energy store comprises a
plurality of modules, which experience stress through
repeated charging and/or discharging and undergo an aging
process as a result of the stress. According to the disclosure, it
is envisaged that the control device controls the charging
and/or discharging of at least two modules differently such
that these modules have a stress difference, in order to selec-
tively reduce the aging process of the module that is subjected
to less stress.

According to the disclosure, the electric motor is supplied
with power via an energy store that is built from a plurality of
modules. As the result of the control device controlling the
charging and/or discharging of at least two modules difter-
ently such that these modules have a stress difference in order
to selectively reduce the aging process of the module that is
subjected to less stress, it is possible to selectively influence
the service life of individual modules or a group of modules.

In addition to the so-called calendric aging of energy
stores, which occurs through mere storage and without being
used, energy stores particularly age as a result of the stress
caused by repeated charging and discharging. According to
the disclosure, the modules undergo an aging process of vary-
ing intensity, meaning that at least one module ages less than
the other modules. In other words, the control device controls
the modules selectively such that the aging process of indi-
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vidual modules or a plurality of modules is selectively
reduced, while other modules may be more heavily stressed.
In this way, a spread in the aging process of the modules is
achieved. The replacement of individual modules or a group
of modules is thus necessary at an earlier time than the
replacement of other modules.

Thus, according to the disclosure, continuous replacement
of individual modules or a plurality of modules is possible
and necessary. Therefore, the modules that are more heavily
stressed, or the module that is more heavily stressed, can, for
example, be replaced within the scope of an annual service
interval at a reasonable cost. Furthermore, it is not necessary
to replace the entire energy store at a specific time, since a
conventional energy store does not attain the typical service
life of a vehicle of approximately 10 to 15 years or several
hundred thousand kilometers. Itis thus feasible and economi-
cally reasonable to replace individual modules or a few mod-
ules comparatively inexpensively and without any problems,
even if the vehicle has reached an advanced age. This makes
it possible to decouple the economical service life of an
electrically driven vehicle from the service life of the entire
energy store and thus significantly extend it.

In addition, the use of a selectively controlled aging pro-
cess of individual modules prevents the performance of the
entire energy store from dropping sharply at any particular
time. Rather, the deterioration experienced by the individual
modules is continuously staggered in time such that, on aver-
age, there is comparable deterioration and thus consistently
uniform performance at any given time.

By successively replacing individual modules as necessary
according to the disclosure, it is also possible to adapt the
energy store to the current state of development of the mod-
ules on a continuing basis by constantly replacing an older
module with a new, current module. Thus, different cell
chemistries or different cell generations can be combined in
one energy store.

It is not necessary to use individual modules that are
exactly matched to the relevant energy store. In fact, it is
conceivable that the design characteristics of the individual
modules can be standardized across manufacturers. This will
result in a reduction in manufacturing costs, which will make
both the individual modules and the energy store as a whole
more cost-effective. This will make it possible to increase the
acceptance of electrically powered vehicles on the market.

Another advantage of the method according to the disclo-
sure is that a complex balancing of the individual cells as
components of the modules is not necessary while in opera-
tion. Here, balancing the cells means balancing the charging
state and therefore also the quiescent terminal voltage of
individual cells to each other. According to the prior art, this
generally takes place before interconnection during produc-
tion and during operation if necessary, in order to compensate
for different aging effects on the cells.

In addition, this makes it possible to perform the aging
process for the individual modules in the desired application
without additional work steps. Thus, the end user does not
notice this, but rather, the control device controls only the
source of the required power, if it is needed anyway within the
scope of using the electric motor.

Within the scope of the disclosure, a stress difference here
means the difference in the currents flowing through the mod-
ules. A stress difference can comprise both the duration and
intensity of charging or discharging. The magnitude of the
stress difference refers to the average value that occurs during
a complete charging or discharging process. Depending on
the current requirement of the electric motor, transient stress
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differences are possible that are significantly greater or even
significantly smaller than, for example, at full load.

Within the scope of a preferred embodiment, the modules
are respectively arranged in a module circuit and connected in
parallel. This is an especially advantageous and simple
arrangement for controlling the modules differently. In this
case, each of the modules should provide a sufficient voltage.
Suitable voltage values particularly fall in the range 0f 400 V.
This can be implemented by constructing the modules from
individual cells, for example, by connecting 100 cells, each
having a voltage of 4 V, in series in each module. In this case,
the modules connected in parallel are able to provide suffi-
cient current or sufficient electrical power to drive the electric
motor. In particular, suitable power levels fall between 20 kW
and 500 kW.

Within the scope of another embodiment, the different
level of charging and/or discharging of at least two of the
modules is controlled by setting a resistance value of at least
one variable resistor arranged in the module circuit. This is a
particularly simple and effective way to stress the modules
differently. By setting the resistance value of at least one
variable resistor, the current flow through individual module
circuits can be selectively increased or decreased, and so the
charging and/or discharging of individual modules can be
precisely controlled. It is particularly preferable to set the
resistance value such that a stress difference does not exceed
a value of 20%. In particular, the stress difference falls in a
range from =10% to =20%.

Another advantage of using variable resistors is that these
resistors can be similarly used to balance potentially different
voltage levels of the individual modules by means of a dif-
ferent resistance value. The method according to the disclo-
sure can thus be used in a highly flexible manner.

In addition, the resistors have a safety function. Should a
short circuit occur in one of the modules, it is possible to
achieve an interruption of the circuit flow in the respective
module circuit through a corresponding adjustment of the
resistor. It is therefore possible effectively to prevent the other
modules from shifting their output into the short-circuited
module circuit, thus bringing about a safety-critical condi-
tion.

In any case, the heat generated by the resistors can be used
to improve the cold start of the energy store by warming the
energy store or the respective modules with the heat gener-
ated in the resistor.

Within the scope of another advantageous embodiment of
the present disclosure, the different level of charging and/or
discharging of at least two of the modules is checked by the
control device via an ammeter arranged in each module cir-
cuit and/or via a voltage measurement in the modules. It is
therefore possible to react immediately to potential distur-
bances that affect the different level of charging and/or dis-
charging. A control loop can thus preferably be formed that
performs selective stressing as desired. It is therefore particu-
larly preferred to readjust the resistance value based on data
obtained from a current measurement and/or a voltage mea-
surement.

Within the scope of another embodiment, the control
device takes into account the varying state of aging of the
individual modules when forming the stress difference. The
actual state of aging can thus be factored in when selecting the
stress on the modules or the module to be stressed. It is
therefore possible to avoid errors that occur when individual
modules have a disproportionately high, unanticipated age
and thus interfere with the targeted aging process. In this way,
the control device does not solely control the stress on the
individual modules strictly according to a predefined model,
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but can rather react to the actual state of aging of the indi-
vidual modules. This can be important, for example, if a
module ages more quickly or more slowly than originally
anticipated and desired, which can be caused, for example, by
a fault in the electrical system, or by manufacturing errors or
damage to the individual modules or the total energy store.

In doing this, it is advantageous if the control device evalu-
ates data relating to the voltage, the temperature, and/or the
current of the modules, and particularly calculates the capac-
ity and/or the inner resistance of the modules, in order to take
into account the state of aging of the modules. This data
makes it possible to draw particularly reliable conclusions
about the state of aging of the individual modules.

Within the scope of another advantageous embodiment of
the present disclosure, modules are used that have the same
nominal voltage. Here, the nominal voltage means the aver-
age voltage of a module during a constant-current discharge,
in particular within a period of one to three hours, and is a
characteristic value for a module or for its cell chemistry.
Thus, the resistors that are preferably provided are basically
used only to accomplish the selective stressing or aging. In
particular, the individual modules have an identical design.
This allows the design of the energy store and thus of the
electrical system to be particularly simple.

Furthermore, the disclosure relates to an electrical system,
in particular an electrical system for controlling the power
supply of a vehicle that can be electrically driven, comprising
an energy store, in particular for driving an electric motor of
a vehicle, wherein the energy store comprises a plurality of
modules that are removably fastened and connected in paral-
lel and each arranged in a module circuit, wherein a resistor
having a variably adjustable resistance value is arranged in
each module circuit, and comprising a control device that is
suitable for adjusting the resistance value in a targeted man-
ner.

With such an electrical system, it is possible to carry out the
method according to the disclosure in a particularly suitable
way that brings about the mentioned advantages relating to
the method according to disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and advantageous embodiments of the
objects according to the disclosure are illustrated by the draw-
ings and explained in the following description. It should be
noted that the drawings are only of a descriptive nature and
are not intended to restrict the disclosure in any way. In the
drawings:

FIG. 1 shows an electrical system according to the disclo-
sure for carrying out the method according to the disclosure;

FIG. 2 shows a partially cut-away view of a module for an
energy store that can be used according to the disclosure.

DETAIL DESCRIPTION

The disclosure relates to a method for controlling the
power supply of an electric motor. In addition, the disclosure
relates to an electrical system 10 with which the power supply
of an electric motor, in particular the electric motor of a
vehicle that can be electrically driven, is controlled.

In FIG. 1, an electrical system 10 according to the disclo-
sure for supplying an electric motor with power is shown. The
electrical system 10 can be used for any type of electric motor.
However, the description below is not limited to the electric
motor of a vehicle that can be electrically driven. Thus, the
system 10 according to the disclosure is preferably arranged
in a vehicle that at least temporarily obtains at least a portion
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of'the driving torque via at least one electric motor, and serves
to drive the vehicle. This vehicle can, for example, be a pure
electric vehicle as well as a hybrid electric vehicle (HEV).

The electrical system 10 comprises an electrical energy
store 12. In particular, the electrical energy store 12 is a
traction battery or an accumulator that supplies the electric
motor with energy by discharging. The energy store can
simultaneously be recharged, for example, via energy gener-
ated during braking. The energy store 12 thus serves to drive
an electric motor, in particular to drive a vehicle that can be
electrically driven, and comprises a plurality of modules 14.
According to FIG. 1, the energy store comprises four modules
14a-n. However, this number is not restrictive; rather, more or
fewer modules 14 are possible in the electrical system 10. The
modules 14 are, for example, removably fastened to a base
support and/or to each other, and can thus be replaced without
any problem. The modules 14 are preferably respectively
located in a module circuit 16, wherein the individual module
circuits 16a-n are preferably connected in parallel, as shown
in FIG. 1.

The modules 14a-7 preferably have the same nominal volt-
age. This nominal voltage or terminal voltage of the modules
14 is sufficient for powering the electric motor. The nominal
voltage of the modules 14 preferably falls in a range from 12
V 10 1500V, in particular at 400 V. By connecting a plurality
of modules 14a-» in parallel, it is possible to provide a suffi-
ciently large amount of current or sufficient electrical power.
Suitable power values that should be attained fall in a range
comparable to that of a combustion engine, for example, in a
range from 20 kW to 500 kW, a cruising range of at least 100
km also being advantageous.

In addition, a variable resistor 18a-» is preferably respec-
tively provided in the module circuits 16a-7, with which
resistance values can be variably adjusted, in order to stress
the modules 14a-n selectively orto induce increased aging, as
described below.

A power terminal 20 is provided in order to connect the
energy store 12 to the electric motor. The energy store can
particularly be connected to the on-board electrical system of
a vehicle via the power terminal 20. Here, the on-board elec-
trical system of a vehicle means the network over which the
electric motor is supplied with power. In particular, depend-
ing on the design of the electric motor, a power electronic
circuit can be provided if required, which converts the direct
current generated by the energy store 12 into alternating
current.

The electrical system 10 furthermore comprises a control
device 22, which controls the power supply to the electric
motor via the energy store 12. The control device 22 is thus
also designated as a battery management system and regu-
lates the supply of current or electrical power to aload such as
the on-board electrical system of a vehicle in response to a
requirement for power. In order to control the power supply of
the electric motor, the control device 22 has a control terminal
24 viawhich the control device 22 is connected to the variable
resistors 18. The connection between the control terminal 24
and the variable resistor 18 is advantageously established via
a control circuit 26.

In order to selectively control the service life of the indi-
vidual modules 14a-» and thus to decouple the service life of
the energy store from that of the vehicle, the control device 22
can control the charging and/or discharging of at least two
modules 14a-» differently such these modules 14a-» have a
stress difference, in order to selectively reduce the aging
process of the module that is subjected to less stress. For
example, this is possible if the control device 22 activates the
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variable resistors 18a-z, in which case it selectively adjusts
the resistance values of the resistors 18a-n.

If, for example, the resistance value of the resistor 18a is set
very low, whereas the resistance values of the resistors 185-»
are set very high, a comparatively high load current can flow
through the module circuit 16a, whereas the current flow of
the load current through the module circuits 165-7 is limited.
Therefore, the module 14a is comparatively heavily dis-
charged and thus more highly stressed, whereas the modules
14b-n are spared. The resistance values can preferably be set
to between 0 ohms and a value that interrupts the current flow,
and is here designated as infinite. In particular, the resistance
values are to be set such that an average stress difference of
less than 20% results.

Alternatively, it is possible particularly with a discharged
module 14a to set the resistance value of the resistor 18a
comparatively high, in particular to infinity, so that a current
flow of the load current is interrupted. It is thus possible
practically not to charge or discharge the module 144, making
anadditional charging or discharging process impossible dur-
ing use. Through such a repeated selective omission of at least
a portion of a charging or discharging process of a least one
module 144, this module can be spared in comparison to other
modules 145-r, whereas the other modules 145-n are sub-
jected to greater stress and experience greater aging. In addi-
tion to adjusting a variable resistor 18a, it is of course possible
to do this using a switch to interrupt the corresponding mod-
ule circuit 16a.

Itis of course possible to selectively subject only individual
modules 144 or else a predetermined group of modules 14a-»
to a high or low level of stress. In addition, it is possible to
select the intensity of the stress or the level of the difference
in stress. It is thus possible to select the aging process for
individual modules 14a or for a group of modules 145-n.
However, a total of at least two modules must have a stress
difference.

Within the scope of the method according to the disclosure,
it is possible for the selective stressing of the modules 14a-»
to be carried out by the control device according to a prede-
termined model, in order to achieve a predetermined aging
process for the individual modules 14a-» and thus a service
life with a predetermined and desired spread.

However, in order to be able to reliably maintain the
desired aging process for the modules 14, the control device
22 has a data connection 28. The control device 22 is con-
nected to the modules 14a-r via the data connection 28 or via
data circuits 30a-n. The control device 22 can thus obtain
voltage and temperature information for the individual mod-
ules 14a-r and derive values from them such as the inner
resistance and/or the capacity, by means of which suitable
data is obtained relating to the state of aging of the modules
14. The control device 22 therefore advantageously com-
prises an evaluation unit that calculates the state of aging of
the modules from current data, voltage data, temperature
information, and/or the inner resistance and capacity of the
modules which have not yet aged. This can, for example, be
carried out according to a predetermined model that is stored
in the control device 22, in particular depending on the mod-
ule type. The control device 22 can thus take into account the
actual state of aging of the individual modules 14a-z when
activating the resistors 18a-» and, for example, react to rela-
tively and/or undesirably rapid aging. If a module 14a ages
too rapidly, the control device 22 can then stress this module
14a more heavily, so that it experiences an intensified aging
process, or the control device 22 can spare it, in order to slow
down the aging process. It is thus possible to maintain the
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desired spread of the service life across the individual mod-
ules 14a-n as desired, independent of disturbances.

In addition, by providing feedback from the control device
22 and the module 14a-n, the user of the energy store, in
particular the driver of the electrically driven vehicle, can be
notified if one or more modules 14a-# has reached a prede-
termined state of aging. An indication for each selectable state
of'aging can be provided so that the user can be made aware
of'the impending necessity of replacing one or more modules
14. Furthermore, an indication can be provided to the user if
one or more modules 14a-z is no longer able to provide
sufficient power and/or capacity. For example, this may occur
as the result of aging effects or in the event of other malfunc-
tions.

It is also advantageous if ammeters 32a-» are arranged in
the respective module circuits 16a-n. These ammeters 32a-n
are able to measure the current flowing in the respective
module circuit 16a-7 and thus also provide information about
the state of aging of the battery. In addition, based on the
current measurement, it is possible to check the setting of the
resistance value. If, for example, additional resistance has
formed or the resistor does not work properly in the module
circuit 16, it is thus possible to create a control loop through
which the control device 22 keeps the stress on the modules
14 constant, despite any possible disturbances. To do this, the
ammeters 32a-n are advantageously connected to the control
device 22 via the data circuits 30a-n or via separate data
circuits.

In addition, the electrical system 10 can have comparable
variable resistors 19 along with the resistors 18, which are
arranged in a respective parallel circuit 17 connected to the
module circuit 16. These variable resistors 19 can be used to
balance the individual modules 14a-# or their cells, that is, to
align the charging state or the terminal voltage of the indi-
vidual modules 14a- to each other in the desired manner.
During the balancing operation, the resistor 18a connected in
series to the module 14q is preferably set to its maximum
value, in particular to infinity, so that adjacent modules 145-»
are excluded from this operation. A switch 21 is advanta-
geously arranged in the parallel circuit 17 for interrupting the
current flow. In an alternative embodiment, the resistors 19
can also can be implemented as capacitive or inductive com-
ponents so that at least a portion of the balancing energy can
be fed back into the electrical system or into the modules 14.

In FIG. 2, an exemplary module 14 is shown, which is
suitable for an electrical system 10 according to the disclo-
sure or for use in a method according to the disclosure. The
module 14 comprises a housing 34 in which a plurality of
functional units or cells 36 are arranged. Because of their high
energy density compared to other battery systems, lithium-
ion cells are favored for use according to the disclosure, each
module 14 preferably comprising only one cell type.

The module 14 can have a safety switch 38 (safety plug) for
immediately disconnecting the voltage. Thus, ifa fault occurs
in the electrical system 10 and/or when performing mainte-
nance work, the voltage in the energy store 12 can immedi-
ately be taken to zero, making it possible to reduce the hazard
potential with respect to damage to the electrical system 10 as
well as personal injuries. In addition, such a safety switch 38
can facilitate the replacement of individual modules 14.

In order to facilitate the replacement of individual modules
14, the module 14 has a connection to the overall store or
energy store 12 particularly on its housing 34 that can be
quickly disconnected. This connection can, for example, be
formed as a plug connection or a screw connection 40, in
order, for example, to fasten the module 14 to a base support
and/or to another module 14.
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Furthermore, the module 14 comprises an input 42 and an
output 44 for a climate control fluid for providing temperature
equalization. In order to conduct the fluid in the module 14,
suitable ducts 46 are also arranged inside the housing 34 and
connected to the input 42 and the output 44. In particular, in
order to control the introduction of the climate control fluid, a
measuring connection 48 is also provided for making a tem-
perature measurement. In an alternative embodiment, the cli-
mate control fluid could also be conducted around the module
14, in which case the climate control fluid could then be
conducted via a plurality of ducts directly to the module
surface.

The module 14 has measuring connections 50, 52 for mak-
ing a voltage measurement, particularly for making a connec-
tion to the control device 22. They are, for example, denoted
as sens+ and sens— connections. With these connections, it is
possible to measure the voltage, which can be used to calcu-
late the resistance value of the resistor 18 to be adjusted. The
resistor 18 can be arranged inside the housing 34 or else
outside the housing 34. When using resistors 18, it is essential
for a resistor 18 to be associated with each module circuit 16.

Finally, the module has electrical connectors 54, 56 for
providing power output, which are connected to the power
terminal 20. These connectors can also be used for perform-
ing voltage measurements.

The invention claimed is:
1. A method for controlling a power supply of an electric
motor, comprising:
controlling the power supply of the electric motor with a
control device, the power supply having an energy store
including a plurality of modules electrically connected
together in parallel and configured to provide a current to
the electric motor, each module having an average cur-
rent during at least one of charging and discharging; and
controlling the at least one of charging and discharging of
at least two modules with the control device such that the
average currents of the at least two modules are differ-
ent, the controlling of the at least one of charging and
discharging further comprising:
modifying a resistance value of at least one variable
resistor of the power supply, the at least one variable
resistor being configured to control the average cur-
rent of at least one of the at least two modules.
2. The method as claimed in claim 1, the modifying further
comprising:
modifying the resistance value of the at least one variable
resistor such that the difference between the average
currents of the at least two modules does not exceed a
value of 20%.
3. The method as claimed in claim 1, further comprising:
measuring the difference in the average currents of the at
least two modules with the control device via atleast one
of an ammeter and a voltage measurement.
4. The method as claimed in claim 3, the controlling of the
at least one of charging and discharging further comprising:
modifying a resistance value of at least one variable resis-
tor of the power supply based on the measured differ-
ence in the average currents of the at least two modules,
the at least one variable resistor being configured to
control the average current of at least one of the at least
two modules.
5. The method as claimed in claim 1, the controlling of the
at least one of charging and discharging further comprising:
evaluating at least one of a capacity and an inner resistance
of the at least two modules,
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controlling the at least one of charging and discharging of
at least two modules with reference to the at least one of
the capacity and the inner resistance.
6. The method as claimed in claim 5, the evaluating further
comprising:
measuring at least one of a voltage, a temperature, and a
current of the at least two modules to determine the at
least one of the capacity and the inner resistance.
7. The method as claimed in claim 1, wherein the at least
two modules have the same nominal voltage.
8. The method as claimed in claim 1, wherein the electric
motor is an electric motor of a vehicle configured to be elec-
trically driven.
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